For the 11-dimensional supergravity over AdS 4 × S 7 /Z k , beginning with a general 4-from ansatz and the main geometry unchanged, we get a tower of massive and tachyonic pseudoscalars. Indeed, the resultant equations can be assigned to the so-called φ 4 actions of the non-minimally coupled scalar-tensor theories with a cosmological constant. We focus on a well-known tachyonic and a new massive bulk mode, which are singlet under the internal group and break all supersymmetries, associated with skew-whiffing and Wick-rotating of the background 4-from flux, respectively. The first one is the conformally coupled m 2 = −2 pseudoscalar in the bulk of Euclidean AdS 4 , where an exact instanton solution is found and a marginally triple-trace deformation with a proper dimension-1 operator produces an agreeing boundary solution with finite action. From the action evaluated on the solution, we estimate the decay rate of the vacuum tunneling mediated by the instanton. Another massive m 2 = +4 mode, with the so-called non-minimal coupling parameter ξ = −1/3, also breaks the conformal invariance and so, there is no exact solution. Then, based on the AdS 4 /CFT 3 correspondence rules, we propose the dimension-4 (∆ + = +4) boundary operator in the skew-whiffed (anti-M2-branes) theory to deform the boundary action-consisting of a singlet fermion, an original scalar and U(1) gauges fields-with and find some solutions to be matched with the bulk solutions. *
Introduction
Instantons as the fully localized objects (or point particles) in space can mediate various vacuum tunneling with important roles in physics of various field and gravity to early universe (inflationary) theories. Especially, in the gauge/gravity dualities, they have been used to perform nonperturbative tests and learn the facts from one side for another side of the duality; Look at [1] and references therein. After presenting a standard M2/D2-branes model by Aharony-Bergman-Jafferis-Maldacena (ABJM) [2] , we have found some instantons and other localized objects for the AdS 4 /CFT 3 correspondence in [3] , [4] , [5] , [6] and [7] .
The ABJM Lagrangian describes the world-volume action of N intersecting M2-branes on a Z k orbifold of C 4 , where the orbifold acts as y A → e i 2π k y A on four complex coordinates y A with A = 1, 2, 3, 4. In the large N limit and fixed N/k, the 11-dimensional (11d) supergravity over AdS 4 × S 7 /Z k is reliable when N ≫ k 5 . This N = 6 conformal U(N) k × U(N) −k ChernSimons-matter theory includes the gauge fields A i andÂ i , and the bifundamental scalars Y A and fermions ψ A that transforms as 4 1 and4 −1 under the subgroup SU(4) R × U(1) b of the original SO(8) group. The latter isometry is valid for k = 1, 2, where the supersymmetry is also enhanced to N = 8 because of monopole operators [2] .
To study and find instantons in the model, the main tool is the state-operator correspondence as settled, for instance, in [8] . Here, we introduce a general 4-from ansatz for the 11d supergravity and then from the resulting equations, deduce some massless, massive and tachyonic scalars and pseudoscalars. Among them we concentrate on two singlet modes in the bulk of Euclidean AdS 4 (EAdS 4 ), which are supposed to come from wrapping the included (anti)M-branes around some internal S 7 /Z k directions. The first one is the well-known m 2 = −2 conformally coupled (c.c.) pseudoscalar and the second one is a non-minimally coupled (n.m.c.) pseudoscalar with m 2 = +4; and the so-called coupling to gravity are ξ = 1/6 and ξ = −1/3, respectively. For the c.c. case we write an exact solution already studied also in [3] while for the n.m.c. case we describe approximate methods and solutions.
Indeed, for the (pseudo)scalars with the masses around the so-called Breitenlohner-Freedman (BF) bound [9] m 2 ≥ − representations 8 s , 8 c and 8 v for supercharges, fermions and scalars of the main M2-branes theory, respectively; Look at [12] and [13] . Indeed, the skew-whiffing 8 s ↔ 8 c meets our purpose and so, the resultant theories will be for anti-M2-branes. One the boundary 3d field theory, we deform the actions with some suiting dimension-1 and -4 operators besides mixed and Dirichlet boundary terms for the c.c. and n.m.c. case respectively, and get the solutions with finite actions with adjustments of AdS 4 /CFT 3 duality. The rest of this note is organized as follows. In Section 2, we go with the gravity side of the study. There, we discuss the background, ansatz and aspects of the solutions and, in subsection 2.4, the correction from the instanton solution for the c.c. pseudoscalar is computed. Meanwhile, we hint on the supersymmetry breaking for the latter case in Appendix A, briefly. Section 3 is devoted to the field theory side of the study, where the dual boundary counterparts for both bulk modes, based on the symmetries and other gauge/gravity correspondence rules, are established. After we discussed the basic bulk-boundary correspondence in subsection 3.1, in subsection 3.2, the dual boundary instantons for the c.c. bulk pseudoscalar will be built with a triple-trace deformation and a proposed dimension-1 operator. There will also be discussions on the boundary effective action and decay rate of the unstable vacuum. In subsection 3.3, we set up the agreeing dimension-4 boundary operator for the n.m.c. bulk pseudoscalar; and then deform the action with suitable boundary terms to arrive at the solutions with finite actions to meet the bulk constrained instantons. In Section 4, we present a summary with comments on the issues to be addressed further.
2 The 11-Dimensional Gravity Aspects
Some Preliminaries
We use the supergravity metric
with R = R 7 = 2R AdS = 2L for the 11d tangent-space radius of curvature and
for the Euclidean AdS 4 metric in upper-half Poincaré coordinate, and
where S 7 /Z k is considered as a U(1) fiber-bundle on CP 3 with the coordinateφ = ϕ/k, and J(= dω) for the Kähler form, with the topologically nontrivial 1-from ω, on CP 3 .
The background 4-form of ABJM [2] reads
with E 4 as the unit-volume form of AdS 4 and N units of the 4-flux on the quotient space. From the Euclideanized 11d supergravity action [7] , the equations of motion read
with * 11 ≡ * for the 11d Hodge-star and M N is the energy-momentum tensor of the 4-form flux.
General 4-Form Ansatz and Equations
We consider the combined ansatz, associated with some included (anti)M-branes, as
where f 1 , f 2 , ... are (pseudo)scalar functions in EAdS 4 space. From the Bianchi identity dG 4 = 0, we simply obtain 10) with c 1 , c 2 , ... as some bulk constants and r = | u| = √ x i x i . Next, to satisfy (2.5) with G 4 , besides the latter three conditions, we must first set
Then, the remaining relations to be satisfied are
12)
where, and in future we use, 14) and note that the minus sign in the last term on LHS of (2.13) is due to ε µmnpνρσqrs7 = −ε µνρσ ε mnpqrs7 when doing the 11d star operation, with µ, ν, ... and m, n, ... for the external and internal indices, respectively. We notice that the solutions (2.9) and (2.10) are those already studied in [5] , [6] and [7] , while a solution like (2.11) was introduced in [4] and we focus on it more in future studies. However, one may also note that the last two equations (2.12), (2.13) are when we consider just the first, fifth and sixth terms of the ansatz (2.7). Now, by changing f 1 N =f 1 for convenience, (2.12) readsf 15) in whichc 1 is some convenient constant and we have used the dimensional coefficients R and R d 2 for the first and fifth-sixth terms of the ansatz respectively, and that
Then, with d 1 = 0 and d 2 = 4 andc 1 =CR 3 , withC as a rational number, one can obtain a tower (an infinite set) of massive and tachyonic bulk (pseudo)scalar modes (some deformations of the gravity background 4-form corresponding to some deformations of the boundary field theory). The interesting case is whenC = 3 8 for which, with f 6 ≡ f from now on, we obtain 1 17) where the lower (+) (the upper −) sign is for an exact skew-whiffing (Wick rotating) of the background (2.4) and corresponds to a conformally (non-minimally) coupled pseudoscalar
AdS = +4) in the bulk of EAdS 4 . So, the dual boundary operator corresponding to the normalizable bulk mode has the scaling dimension ∆ + = 2 (∆ + = 4); we return to this issue soon.
Besides, it is notable that the last setup could be in general considered as a consistent reduction of the 11d supergravity to four dimensions [14] , where the resultant 4d (the so-called φ 4 ) action reads 19) where λ is an arbitrary dimensionless coupling-constant, ξ is the non-minimal coupling parameter, Λ is the cosmological constant and the index 4 on g 4 , κ 4 and R 4 is for EAdS 4 . Further, from varying the action (2.18) with respect to the metric g µν , we obtain 20) in which G µν is the Einstein tensor and
where the energy-momentum tensor is divided into a minimally coupled (ξ = 0) and an improved part because of the non-minimal coupling (ξ = 0). Now, because the energy-momentum tensor T µν is clearly traceless, with respect to the scalar equation from the action, the equation (2.20) implies that all possible solutions of the theory have the constant scalar curvature 22) which is indeed the Ricci scalar of EAdS 4 space with R AdS radius (see (2.1)) and also for the vacuum solution of the theory because of Λ in (2.19) . One may now note that for ξ = 1 6 , the conformally coupled case and for ξ = − 1 3 , the non-minimally coupled case are achieved in (2.17), with λ = 3 for both. 
Solution Aspects: Bulk Instantons
For the energy-momentum tensor of the conformally coupled pseudoscalar, one can write [15] T µν = 1 3
which is useful for finding a suitable solution. In fact, we note to the so-called stealth configurations as the nontrivial solutions with vanishing stress tensor [16] . The latter has in common with our solution a vanished stress tensor likewise 't Hooft instantons with zero energy-momentum tensors. 2 Indeed, it can be checked that the correction through TG 4 µν of (2.6) with our ansatz
with respect to the equation (2.17) vanishes while the internal components do not and so, one cannot uplift the 4d solution to the full 11d one. Although one should include the backreaction in general analyses, for the purposes in studying the near boundary behaviors with probe approximations, we simply ignore the backreactions on the main geometry [17] .
conformal flatness of the external metric and then, from (2.23), the solution reads
where the constraint on the RHS comes from the equation 4 f m.c. − 2λ(f m.c. ) 3 = 0, which is in turn arisen from (2.17) for the conformally coupled case, with 4 for Laplacian of the flat 4d Euclidean space.
3 Then, from conformal property of f (by multiplying 2u/R in (2.25)), we obtain the exact solution On the other hand, for the non-minimally coupled case, because of the conformal symmetry breaking, one might not be able to find an exact solution. But, one can solve the corresponding equation 27) perturbatively to get an approximate solution with specials mathematical methods, which can in turn be matched with constrained instantons in language of [22] . Indeed, we can write, for (2.17) with the upper sign, an iterative solution like [23] 
as a linear solution, where 30) and that 31) in which K 4 (u, u) and G(u, u; w, w) are the bulk-to-boundary and bulk-to-bulk propagators respectively, and the latter is given by
where F (...) is the hypergeometric function, and one may note that 1 1+v
≡ ζ is the "chordal distance" between two points in EAdS space. Doing so, one obtains an approximate/perturbative solution that behaves near the boundary (u → 0) as
and we come back to this issue when discussing the dual boundary solutions, with some proposals forα( u) andβ( u). However, we note that the solution (2.25) is indeed for the massless φ 4 model and, because of the conformal invariance, it is valid up to the conformal factor (Ω(u)) for the tachyonic pseudoscalar in the bulk. Then, the solution for the non-minimally coupled pseudoscalar in (2.27) can be obtained by approximate methods, where some terms (like the third one) of the equation role as a perturbation. Indeed, for the massive case, the mass term breaks the conformal invariance softly, and one is not able to find a regular solution with finite action. The decay of the vacuum f = 0 in the case is dominated by the constrained instantons as the approximate solutions surveyed in [22] , where a general formalism for building them and evaluating the functional integrals is introduced, originally. In fact, with m = 0, the massless solution is not exact, but for b 2 0 m 2 ≪ 1 the constrained instanton behaves like the massless solution (2.25) in limit of x µ ≪ b 0 and falls off exponentially for x µ m −1 like that in a free massive theory. In low energies, the small-size constrained instantons have the dominant contributions and the decay probability is proportional to exponentials of the actions; look at [24] for related studies. We also notice that these constraints do not contradict with the condition a 0 > b 0 ≥ 0 to have the regular solution (2.26).
In addition, we note that there are some bulk instantons which break the EAdS 4 isometry SO(4, 1) down to SO(3, 1) or SO(4) and so an infinite family of the boundary instantons on S 3 with the same conformal symmetry, which may in turn be used to give a dual description of the cosmological singularities as in [11] , are accessible. We will find some instances of these boundary solutions for the non-minimally coupled case in subsection 3.3.
The Action Corrections
Now, we try to evaluate the corrections to the background action based on the solution for the conformally coupled case. The appropriate part of the 11d supergravity action with Euclidean signature in the case reads
where we useG 4 in (2.24) and that 
8 3f
with a note that by setting
in the last action, we get the equations (2.12) and (2.13) forf 1 and f respectively, and that the second (surface) term above is a total derivative that do not affect the equations and is discarded throughout. Now, with the conventions 39) we arrive at come from the second and the first term integration of (2.41), respectively. We note that the correction is small in the legality limit (N ≫ k 5 ) of the model and finite a 0 and b 0 . It is also notable that f 2 E 4 → ∞ originally, whose singularity comes from the u = 0 point. But, because of the renormalization arguments in [17] , we have considered the singularity at ǫ ≥ 0 instead of zero and then taken the finite part of the resulting action in the limit of ǫ → 0, while its infinite part is excluded as equal and opposite to the needed terms to neutralize it.
3 The 3-Dimensional Field Theory Aspects
Basic Correspondence
The primary fact is that for a (pseudo)scalar field, near the boundary (u → 0) of the Euclidean AdS 4 , we can write the asymptotic expansion [8] . These boundary conditions preserve the asymptotic symmetry of AdS 4 and are consistent with two possible boundary conformal field theories. Now, we note that the bulk objects here are pseudoscalars because they come from the internal ingredients of A M N P . Then, we look at the symmetries of the bulk ansatz (2.24) and a solution like (2.26). We note that, with considering the internal space as a S 1 /Z k fibration on CP 3 , the ansatz is a singlet of SU(4) × U(1) in that both J and e 7 are SU(4) invariant and do not carry any U(1) charge and so, the corresponding boundary operators should have the same symmetry. Still, for the c.c. case, the conformal symmetry is preserved while for the n.m.c. case it is broken and so, the boundary solutions should respects it as well. Further, from the ansatz, we see that the corresponding (anti)M2-branes wrap around the mixed internal directions and so they break all supersymmetries as it is confirmed with other arguments and a proof outlined in Appendix A.
On the other hand, one may remember that we have been considering the skew-whiffed background 4-form flux, which in turn matches to the anti-M2-branes theory [12] , [13] , [25] , to achieve the c.c. pseudoscalar. In fact, one can have the desired singlet bulk modes when he/she exchanges the representations 8 s → 1 2 ⊕ 1 −2 ⊕ 6 0 and 8 c → 4 −1 ⊕4 1 of SO(8) → SU(4) × U(1) for the supercharges and fermions of the original theory respectively, while 8 v → 4 1 ⊕4 −1 is for scalars. So we propose 8 c ↔ 8 s , and then the pseudoscalars set in 35 s → 1 0 ⊕1 4 ⊕ 1 −4 ⊕6 2 ⊕ 6 −2 ⊕20 0 , the scalars in 35 v → 10 2 ⊕10 −2 ⊕ 15 0 and gauge bosons in 28 → 1 0 ⊕6 2 ⊕ 6 −2 ⊕ 15 0 remain unchanged. Therefore, the state may be interpreted as adding some M2-branes to the skew-whiffed background (anti-M2-branes) theory as the resulting theory is for anti-M2-branes, with breaking all supersymmetries. For the n.m.c. pseudoscalar, for which we have just Wick rotated the original 4-form flux (2.4), the argument is similar. Indeed, one may propose some anti-M2-brane to be added on top of the original M2-branes as the resultant state has the same symmetries as the former and so, the resulting theory is also for anti-M2-branes with the same swapping of representations.
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In the following subsections we concentrate on the field theory counterparts for both cases.
The Conformally Coupled Case: Dual Instantons
We note that for the pseudoscalar m 2 L 2 = −2, the conformal dimensions are ∆ ∓ = 1, 2. We have already used the quantization with Dirichlet boundary condition in the case [3] and found a dual solution and an agreeing ∆ + = 2 operator. Here we do the same job for the operator ∆ − = 1 corresponding to quantization with Neumann or mixed boundary condition. On the other hand, we note that the scalar theories coupled to gravity, with the scalar masses around the so-called Breitenlohner-Freedman bound [ 
in AdS 4 , admit a large class of boundary conditions and are always called the designer gravity theories in that their properties are depended on the choices of the boundary conditions. The deformation here is a triple-trace deformation that destabilizes the classical gravity solution with the false vacuum decay, resulting in a big-crunch in AdS 4 as well; Look at [10] .
Therefore, starting with Neumann boundary condition, we change it with a one-parameter deformation as
where the L factor is for convenience andĥ as the deformation parameter labels various boundary conditions. So, with the mixed boundary condition, we should correct the boundary 5 It is notable that besides m 2 L 2 = +4, we could have another massive m 2 L 2 = +18 mode if we setC = 17 8 from (2.17). The recent couple is also found in [26] upon some consistent Kaluza-Klein reduction in a similar context, and are interpreted as squashing and breathing (pseudo)scalar in the lower dimension; look also in [27] for some related discussions.
action with the term
where S on and W are the corresponding bulk on-shell action and the boundary generatingfunctional respectively, and
with O 1 and O 2 for the dimension-1 and -2 boundary operators, respectively. On the other hand, from the Taylors expansion of the solution (2.26) around u = 0, we have 5) and soĥ = √ λ a 0 b 0 from (3.2), with λ = 3 for both cases here. One may also evaluate the integral in (3.3) whose finite contribution reads
Next, what is the plain form for the boundary dimension-1 operator? According to above symmetry arguments, the operators must be SU(4) R × U(1) b -singlet as we have the same singlet bulk pseudoscalar. Following the arguments in [3] , as we know there is not any singlet dimension-1 operator in the original ABJM model and so, as an alternative, because of the skew-whiffing 8 s ↔ 8 c , we use the singlet fermion ψ now in 8 s → 1 2 ⊕ 1 −2 ⊕ 6 0 → 8 c to make the wished operator as O 1 = tr(ψψ) 1/2 . Then, by setting the scalars to zero, deforming the remaining part of the ABJM boundary action with W in (3.3) and following the procedure in [7] , we simply obtain the solution
where b 1 , b 2 , .. are some boundary constants, and we have used the ansatz ψ Then, we notice that , confirming the bulk/boundary correspondence. In addition, one may note that the vev of the operator diverges in the large N limit, which is in turn typical of the field theory dual to describe a big crunch in the bulk. Meanwhile, the finite part of the boundary action based one the solution (3.7) becomes
where we have considered the instantons in the center ( u 0 = 0) of S 3 ∞ with radius r and the same integration formula in (3.6) .
In addition, we note that for the mixed boundary condition, the dual operator is ∆ − = +1; and that any solution to the bulk AdS equation should be dual to an extremum or a vacuum of the effective action of the dual boundary CFT. On the other hand, we are aware of the following dictionary
where Γ ef f.
[σ] andΓ ef f.
[α] are the effective actions of the usual (with ∆ + = 2) and dual (with ∆ − = 1) CFT respectively, which are indeed connected by a Legendre transform. Evaluating the boundary effective action in the case needs a special effort as done in [15] , for the dual CFT deformed by (3.2), as
in a two-derivative approximation, where V ef f. (α) is the holographic effective potential. We note that the instanton solution (2.26) is an extremum of the all-order effective action although a similar two-derivative boundary action like (3.11) gives that solution. Further, we have noticed that the bulk instanton solution is regular when a 0 > b 0 ≥ 0 and soĥ > √ λ > 0 that results in V ef f. (α) < 0, which in turn means the effective potential is unbounded from below. The latter bodes that the instantons mediate the quantum tunneling of the conformal vacuum (the local minimum of V ef f. (α)) at α = 0 because of the instability imposed by the (marginal) triple-trace deformation (3.2). Then, one may estimate the rate of decay or decay probability for the conformal-vacuum as
where
. In fact, one should note that because we do not know the exact form of the effective action for the boundary theory, to evaluate P, we have alternatively used the correction of the bulk action based on the exact solution (that is S modi. 11 in (2.42)) plus the boundary contribution (that is S midi. on in (3.6)); and so we have a probability for the decay.
The Non-Minimally Coupled Case: Boundary Solutions
For the pseudoscalar m 2 L 2 = +4 from the equation (2.17), with corresponding boundary operators ∆ ∓ = −1, +4, we look at the normalizable bulk mode along with Dirichlet boundary condition (δα = 0) with respect to (3.1). The dual SU(4) R × U(1) b -singlet dimension-4 operator can be formed according to the known 11d supergravity spectrum over AdS 4 ×S 7 /Z k [12] , [2] and the appropriate skew-whiffing 8 s ↔ 8 c . In fact, for the 0 −(1) pseudoscalars, the proposed operator in the case can be [28] , [29] , [25] 
where (1) b , after the skew-whiffing, respectively. One should also note to the suitable trace subtractions in the symmetrized products of (3.13). Besides, it is noticeable that the operatorÓ 4 might be made of the dimension-3 operator from X I 's, which is in turn proportional with the ABJM and BLG scalar potentials [30] . Indeed, the second generation (descendants) of theÓ 3 operator [6] gives the suitable operator. By the way, we employ the plain form
Then, we note that with just the singlet (1 2 ) fermion ψ and the scalars in the original representation, we have the suitable singlet operator in
On the other hand, similar to that in (3.4), we can write 15) as the boundary deformation term. Now, next to the singlet fermion, we use just one scalar with the ansatzsψ 16) whereh(r) is for a scalar profile on the boundary and I N ×N is the unit matrix. Therefore, in the boundary action (see [5] , [6] ), the fermion and boson potentials vanish and the deformed Lagrangian reads
where D k Φ = ∂ k Φ + iA k Φ − iΦÂ k , with Φ for both Y and ψ, and 18) and the same expression forL CS by changing A toÂ. Then, from the action, the equations for the scalar and fermion read 20) respectively and because of the ansatz (3.16), we are indeed working with U(1) × U(1) part of the complete gauge group and with A ± i ≡ (A i ±Â i ), the equations for A i andÂ i become those written in [5] and [7] , where F 
where γ ≡ (σ 2 , σ 1 , σ 3 ). 6 From these solutions, we note that vev of the operator reads
withb 3 = 0 here, which matches with the boundary behavior of the bulk pseudoscalar from (2.33) and is consistent with (2.30) with the constraints hinted at the end of subsection 2.3. Next, with the equations, the correction to the action from (3.17) based on the solutions, becomesS 24) with the boundary as a 3-sphere at infinity concentrated around u 0 = 0 and a similar procedure in [4] , where the finite contribution is from infinity.
Another alternative boundary solution is accessible with O 2 = tr(ψψ) and a double-trace deformation as O 4 = O 2 2 . Then, with the same skew-whiffing and setting the scalars to zero, the resultant equation for ψ reads
To find a solution, we use a similar ansatz as in the previous subsection and [3] and also [7] with the solution
from which, with ς = 4, we confirm the correspondence mentioned in (3.23) . Meanwhile, the action value based on this solution reads , (3.27) whereb 3 > 0 and the integration is done on S 3 ∞ around u 0 = 0 as usual. It is remarkable that the boundary solutions here may be well matched with the bulk when the constrained approximations outlined in subsection 2.3 are employed. Anyway, the solutions in the case are some proposals to be identified with the bulk solutions of the equation (2.27) . Meanwhile, one may be tempted to construct the ∆ − = −1 operator similarly.
Further Discussions
In this paper, we have focused on two non-minimally coupled pseudoscalars in the bulk of Euclidean AdS 4 among a tower of massive and tachyonic (and also massless) modes from a general 4-from ansatz with keeping the prime geometry unchanged. Fortunately, the modes are in the spectrum of 11d supergravity over AdS 4 × S 7 /Z k when the internal space is considered as a S 1 /Z k fiber bundle on CP 3 . Indeed, because both pseudoscalars are SU(4) × U(1) singlet and break all 32 original supersymmetries, we should exchange, respectively, the representations 8 s and 8 c of the supercharges and fermions of the main M2-branes theory [2] to have the singlet 1 0 now in 35 s → 1 0 ⊕1 4 ⊕ 1 −4 ⊕6 2 ⊕ 6 −2 ⊕20 0 . Therefore, we proposed that the resultant boundary theory was for anti-M2-branes obtained with the same skew-whiffing of the original N = 6 conformal Chern-Simon-matter 3d field theory.
Then, with conformal flatness of the external space, we represented an exact instanton solution for the conformally coupled case (ξ = 1/6) with calculating its correction to the action, and also proposed a dual boundary solution based on a so-called triple-trace deformation [15] . In addition, as it is known that the instanton solution mediates some tunneling processes, an estimate of the decay rate was also provided. But, for the non-minimally coupled massive pseudoscalar (ξ = −1/3), the conformal invariance was softly broken and one could not found an exact solution and so, the approximate solutions such as constrained instantons [22] could be adjustable. Then, we proposed a dual ∆ + = 4 operator and deformed the action with a suitable Dirichlet boundary condition/term to get a plain boundary solution.
Although supersymmetry breaking by the solutions is obvious in that the included (anti)Mbranes, which source the matching 4-and 7-from fluxes, wrap around some mixed internal and external directions; meanwhile the checking of supersymmetry for the ansatz (2.24) can be done, for instance, based on the integrability condition, like the procedure done in [12] , as we have hinted it in appendix A and left the details for future studies. The instability of the conformally coupled solution is described in [14] , 7 while for multi-trace deformations and minimally and also non-minimally coupled (pseudo)scalars, one may do similar analysis as, for instance, those in [33] suitable here as well. For the massive m 2 = +4 pseudoscalar, searching for a suitable bulk instanton solution, about constrained instantons, symmetry groups or another approximate ways such as valley instanton method in [34] , will be interesting. The issue of backreaction of the solutions on the background geometry is remarkable and needs to be investigated further-For a holographic renormalization of the irrelevant deformations, look at [35] . It is also interesting to match the spectra here with the bulk supergravity modes in [26] and study their applications in other physical phenomena, such as cosmology and superconductivity.
As a final point, it should be noted that we are indeed not aware of any non-renormalization theorem that guarantees the matching of the dimensions computed here in weak/strong limits of gravity/gauge theories. Therefore, we have actually used the free field theory assumption in proposals for the operators. In other words, it is known that the scaling dimension of chiral primary (or short) operators and their descendants are non-renormalized or protected against quantum corrections. But, with the supersymmetry breaking non-BPS operators, employed here as well, the latter statement is not valid in general as the operators may obtain anomalous dimensions after renormalization. In fact, by including the operators that break supersymmetry next to having nonperturbative effects, the non-renormalizablilty need to be explored further. For more information on the issue, see [36] as an original related study and look, for instance, at [37] , [38] for non-renormalization theorems and corrections for operators and multi-point correlation functions of gauge-invariant composite operators in AdS 5 /CFT 4 correspondence. In addition, for discussions on renormalizablilty of ChernSimon-matter theories, look at [39] , [40] and see [41] for a discussion on anomalous dimensions of some operators in the ABJM model. is the structure of the ansatz where the associated (anti)M-branes wrap around some mixed directions in the internal and external spaces and thus break supersymmetry completely. The third reason arises from the multi-trace deformation applied, at least for the conformally coupled case, as it is known that it breaks supersymmetries as well [10] . Here, we hint on the direct methods for supersymmetry checking given the ansatz (2.24).
In fact, having a classical solution, the killing spinors ǫ control the numbers of supersymmetries, which are in turn given by the solutions of the equations
in which Ψ M is for the gravitino as a 32-component Majorana spinor, and
where R M N P Q is for the Riemann curvature tensor, A, B, .. here are for the 11d tangent (flat) space indices, and the high-dimensional gamma matrices as Γ M 1 M 2 ...Mn includes n! antisymmetrized terms with an overall 1/n! factor in the front. Also, the spin-connection 1-forms ω AB M are the solutions to the equation
where T A M N is a vector-valued 2-form and that, from the metric compatibility and torsion freeness, one can obtain the spin connections for the metric (2.1), with the suitable selected vielbeins such as those in [7] , straightforwardly.
To continue, one should write the ansatz (2.24) in components that is
where Ω mnpq ≡ 2(J mn J pq − J pn J mq − J qn J pm ). Also, one may decompose the 11d gamma matrices into the external and internal components (look at [42] ) with some special conventions. Then, by solving the killing spinor equations (A.1), one can get the numbers of unbroken supersymmetries. Indeed, if we write the eleven equations from vanishing the supersymmetry variation δΨ M = 0, with respect to the equation of motion (2.17), see that all projections imposed on ǫ vanish, which in turn means that no spinor is preserved or that all supersymmetries are broken. Still, one can get the maximum numbers of preserved supersymmetries from the integrability condition similar to the method carried out in [12] . The details of the supersymmetry checking and similar procedure to the latter, in the case, need more time and space and therefore we leave them to future studies.
